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(54) Hot runner system for colnjectlon molding 

(57) A coinjection molding system (1) for injecting 
skin and core material into a mold cavity. The system 
includes a three position actuator (34) for moving a valve 
pin (31) into a closed position in which neither skin nor 
core flow is permitted, a middle position in which only 
skin flow is permitted, and an open positksn in whk;h skin 
and core flow is permitted. The actuator (34) includes a 
first piston (98) sikiabiy mounted in an actuator (34) 
housing, and a second piston (96), attached to the valve 
pin (34), slidably mounted within the first piston (98). A 
shut-off is provided in the manifold for preventing skin 
flow to a partk;ular nozzle during sequential gating. 
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Description 

Field of the Invention 

[0001] This invention relates to coinjection molding. s 

Description of the Related Art 

[0002] Coinjection molding is the injection molding of 
two or more plastic materials in which an outer skin layer 
is formed surrounding one or more core layers. In coin- 
jection molding the first material to enter the cavity is the 
skin material. Upon entering the cavity, the skin material 
will develop a flow front through the cavity towards the 
end wall of the cavity. The material flowing In the center 
of the cavity wall has the highest velocity As the center 
flow reaches the ftow front, it splits to the outer wall. The 
skin material contacts the cold mold wall and freezes 
developing a frozen layer. This frozen layer is the skin 
layer. 

[0003] Before the skin material reaches the end of the 
cavity, the core material will be injected into the part to 
form the core of the part. The core material will develop 

a second flow front. The flow front will have a different 
velocity profile than the skin material. The core material 
pushes the skin material ahead of it, however, the center 
velocity of the core material will travel faster than the 
skin flow front. If the correct skin/core ratk> is used, the 
skin material will reach the end of the cavity just ahead 
of the core. 

[0004] An advantage of coinjection^inolding is the use 
of a core material having a different material than the 
skin material which appears visible on the molded part. 
Coinjection enables the use of less expensive materials 
as the core material, and can bwer part costs substan- 
tially. 

[0005] For example, In large automotive parts, espe- 
cially a bumper fascia made of thermoplastic olefin 
(TPO), the molded parts are painted. The painted parts 
are often rejected for imperfections. The rejected parts 
do not have recycle value due to the paint in the reproc- 
essed material, and are typically disposed of in landfills. 
With coinjection molding it is possible to use the reproc- 
essed reground painted fascia as the core of the part. 
New, or virgin TPO is used as the skin layer Thus, the 
coinjected nfK)tded part appears the same as a conven- 
tional part, while using a substantial amount of recycled 
material that otherwise would have been new TPO. 
[0006] Other coinjection applications include fabrica- 
tion of parts which require different properties of the skin 
and core materials, respectivety> For example, expen- 
sive engineering resins may be needed on the outer sur- 
face of the pan for special properties such as high 
strength, good heat deflectbn, or good weather resist- 
ance. Inexpensive core material can be used to reduce 
the part costs while maintaining the desired perform- 
ance properties of the engineering resin. An example of 
this would be the use of Ultem as the skin material and 



polyethylene terephthalate (PET) as the core material. 
[0007] Additionally, it may be desired to have a core 
material that has specific properties. An example is coin- 
jection with a foamed core. A foamed core material with 
an unfoamed skin can be used to produce parts with a 
good appearance and with the benefits of light weight, 
large wall thk:kness, and good strength. Another exam- 
ple is using coinjection to produce PET food containers 
with ethylene vinyl alcohol (EVOH) in the core. EVOH 
prevents oxygen from discoloring the food. Lastly, mold- 
ed in paint can be used to eliminate painting applica- 
tions. With coinjection, a painted skin can be produced 
with an unpainted core to maintain bw part costs. 
[0008] Accordingly, it is an object of the present inven- 
tion to provkie an improved colnjectkxi system. 
[0009] It is a further object of the invention to provkie 
an improved multiple gate coinjection system. 
[0010] It is a further object of the Invention to provide 
an improved valve pin actuator for a coinjectbn nozzle. 
[001 1] It is a further object of the present invention to 
provkie an improved coinjection manifold system in 
which the manifold includes a skin shut-off. 

Summary of the Invention 

[0012] In one illustrative embodiment of the inventbn, 
a valve pin actuator for a coinjection molding system is 
provided in which the valve pin actuator supports a valve 
pin adapted to control skin plastic flow and core plastk: 
flow at a gate to a mold cavity. The valve pin actuator 
includes an actuator body, a first member movably 
mounted within said actuator body, and a second mem- 
ber movably mounted within said actuator body. The 
second member is adapted to support said valve pin 
such that movement of said second member causes 
movement of saki valve pin, in which the first and sec- 
ond members are each movable to a plurality of posi- 
tions to control movement of the valve pin to reciprocate 
to three separate positions. The three positions include 
a first position in which the valve pin closes the gate and 
neither skin nor core plastic flow is permitted; a second 
position remote from the gate relative to the first posi- 
tion, in which skin flow is pemnitted and core flow is not 
permitted through the gate; and a third positbn remote 
from the gate relative to the second positbn, in which 
skin flow and core flow is permitted through the gate. 
[001 3] In another illustrative embodiment of the inven- 
tion, a coinjection molding system is provided for inject- 
ing first and second plastic materials into a mold cavity 
The system includes a manifold having first and second 
channels therethrough for distributing saki first and sec- 
ond plastk: materials, and at least one nozzle coupled 
to the manifold for injecting said first and second plastb 
materials from said manifokJ into said mokJ cavity. The 
nozzle has first and second passages for receiving first 
and second plastk: materials from the first and second 
channels of said manifokJ, respectively. The system also 
Includes a shut-off in the first channel of said manifold 
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for preventing a flow of sakJ flrst material in said first 
channel. 

Brief Description of the Drawings 
[0014] 

Figure 1 is a top plan view of the coinjection molding 
system partially broken away; 
Figure 2 is a cross-sectional side view of the coin- 
jection molding system taken along line 2-2 of Fig- 
ure 1; 

Figure 3 is a schematic cross-sectional view similar 
to Figure 2 showing the injectk)n of skin material into 
the mold cavity; 

Figure 4 is a schematic cross-sectional view simitar 
to Figure 3 showing the injection of core material 
into the mold cavity; 

Figure 5 Is a fragmentary cross-sectional side-view 
of the Injection nozzle of the injectbn molding ma- 
chine and the hot-runner manifold taken along line 
5-5 of Figure 1; 

Figure 6 is an enlarged fragmentary cross-sectional 
view taken along line 6-6 of Figure 1 ; 
Figure 7 is a plan cross-sectional view of the nozzle 
taken along line 7-7 of Figure 6; 
Figure 8 is a top plan view of the three position ac- 
tuator seated in a cavity in the top clamp plate as 
taken along lines 8-8 of Figure 6; 
Figure 9 is a cross-secttonat side view of the actu- 
ator of Figure 8 taken along line 9-9 of Figure 8; 
Figures 1 0. 11 and 1 2 are schematic cross sectional 
side views of the actuator of Figure 9, shown in 
three respective positions; 
Figure 11a shows an alternative piston positioning 
used to attain the same valve pin position shown in 
Fig. 11; 

Figure 1 3 is a schematic cross-sectional view of the 
nozzle tip of Figure 6 in the closed position; 
Figure 14 is similar to Figure 13 with the valve pin 
in the middle position permitting skin injection; 
Figure 15 is similar to Figure 13 with the valve pin 
in the open position; 

Figure 16 is an alternative embodiment of a coin- 
jection molding nozzle; 

Figure 1 7 is an enlarged fragmentary cross-section- 
al view of the manifold skin shut-off of Figures 2, 3, 
4 and 6, shown in the closed position; 
Figure 16 is an alternative manlfoki configuratbn 
that uses a ball-check to prevent skin back flow 
through manifold channel 15; 
Figures 19 and 20 are alternative embodiments of 
the skin shut-off of Figure 17, shown in the cbsed 
position. 

Detailed Description 

[001 5] Figures 1 -5 show one embodiment of the coin- 



jection mokiing system 1 according to the present in- 
vention. The system includes bores 3 and 5 within inlets 
44 and 46 nriounted to a hot runner manifokJ 11 (see Fig. 
5). Inlets 44 and 46 receive the injection molding nozzles 

s 7 and 9, respectively, from two injection molding ma- 
chines. Machine nozzle 7 injects core material into inlet 
44 while machine nozzle 9 injects skin material into inlet 
46. The bores 3 and 5 feed Into a distributbn system of 
the hot runner manifold 11 . The hot runner manlfoki 11 

10 Includesdistribution channels 13 and 1 5 for feeding core 
and skin material, respectively, to injection molding noz- 
zles 17. Although, a multiple gate, single cavity, system 
is shown, the invention is not limited to multiple gate ap- 
plicatbns. For example, the injectbn mokiing machine 

15 could be directly coupled to a single nozzle, or spue 
bushing, 17. Nozzle 17 includes bores 19 and 21 there- 
through for communicating with and receiving molten 
nrmterial from core channel 13 and skin channel 15 in 
the manifold 11. 

20 [001 6] The injection molding nozzle 17 injects molten 
material into mold cavity 23 in whrch the molded part is 
fomned. As seen in Figure 7, heat pipes 84 are used to 
uniformly distribute heat, generated by tubular heater 1 2 
and manifold 11, to nozzle 17, and keep the skin and 

25 core materials at their optimum processing temperature. 
The tubular heater 1 2 is partially shown in the fragmen- 
tary view of Figure 2, and In Figure 7. and is mounted 
to and extends abng the length of the nozzle 17. The 
invention is not limited, however, to a particular type of 

30 nozzle heater, and other nozzle heaters such as helical 
heaters can be used. 

[0017] The mold cavity 23 is formed by mold parts 25 
and 27. Nozzles 17 are disposed within recesses 29 of 
nrK>ld part 27. A vaive pin 31 is located in a central bore 

35 in the injection mokJing nozzle 17. The valve pin 31 can 
be longitudinally displaced within the nozzle 17 and 
opens and closes the gate 33 to the mold, as well as the 
bore 19 through whk:h the core material flows. As ex- 
plained in greater detail hereinafter, the valve pin 31 will 

40 have three possible positions: 1 ) a closed position in 
which the gate 33 is closed and skin and core material 
are shut-off; 2) a middle position in which core material 
is shut-ofl and skin material is not shut-off; and 3) an 
open positk)n where both skin and core material are not 

45 shut-off. 

[0018] The valve pin 31 can be longitudinally dis- 
placed within the nozzle 17 by a three-position actuator 
34. The actuator 34 is mounted in top clamp plate 36 
which together with mold part 27 provides a space 38 

50 in which the manifold 11 is located. 

[0019] An additional two-position actuator 40 is pro> 
vkJed to shut-off skin material traveling in channel 1 5 of 
the manifold 11. The actuator 40 is also k)cated in top 
clamp plate 36 and actuates the valve pin 42 that opens 

55 and cbses channel 1 5 of manifold 11. . 

[0020] It should be noted that Figures 3 and 4 repre- 
sent schentatic views of the manifold 11 and top clamp 
plate 36 so as to better show the flow of skin and core 
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material through the manifold channels 13 and 15. In 
actuality, as shown in Figure 5, the manifold is complete- 
ly covered by the top clamp plate 36, and the machine 
nozzles 7 and 9 inject core and skin material respective- 
ly into bores 3 and 5 within inlets 44 and 46, respectively. 
[0021] Inlets 44 and 46 mate with machine nozzles 7 
and 9. respectively, are threadably mounted in manifold 
11 at 46, and set within top clamp plate 36. Spacers 50 
separate and insulate the heated manifold from the 
cooled mold 27. Heat pipes 52 and 54 within inlets 44 
and 46 serve to maintain the molten material at its 
processing temperature when passing through inlets 44 
and 46 by pulling heat out of the manifold. Pin 56 serves 
to center the manifold 11 with respect to the mold 27. 
Thus, in schematic Figures 3 and 4, in actuality the man- 
ifold does not extend above the top clamp plate, but is 
covered by it, and further the nr^achine nozzles 7 and 9 
are not directly connected to the manifold 1 1 but are con- 
nected via inlets 44 and 46 which pass through the top 
clamp plate 36. 

[0022] The operation of the preferred embodiment of 
the preferred system of Figures 1-5 will now be de- 
scribed with respect to Figures 3, 4, 13, 14 and 15. To 
initiate the coinjection sequence, skin material is inject- 
ed from the machine nozzle 9 through manifold channel 
1 5 to nozzle 1 7 out of gate 33 into cavity 23. Figure 1 3 
shows the nozzle in the closed position with core and 
skin material ready to be injected into the cavity 23. In 
Figure 14, the valve pin has moved from the cbsed po- 
sition to a second or middle positk>n in which skin flow 
from bore 21 of the nozzle 17 into the cavity 23 begins, 
and core flow from bore 1 9 of the nozzle is still shut off. 
Thereafter, as shown in Fig. 15, the valve pin moves to 
the open or third position in which core material is inject- 
ed from bore 19 of nozzle 17 out of gate 33. When the 
core shut-off is open, the skin barrel from the injection 
mokjing machine is either slowed down to about 10% or 
held. Injection of a small amount of skin material while 
the core material is being injected helps maintain the 
layer of skin material about the gate. 
[0023] Injection of core material from the injection 
molding machine is then stopped. The valve pin is 
moved back to the middle position shutting off the core, 
while the final 5% to 10% of skin material is injected to 
assure that skin material covers the gate area, and also 
cleans out the gate area in the nozzle 17 of all core ma- 
terial so that on the next injection cycle only skin material 
initially enters the part. Typically, core material will con- 
stitute about 25-50% of the molded part, but this per- 
centage will vary according to the application. 
[0024] The use of a valve-actuated gate enables the 
gates to be sequentially opened and closed. In a multi- 
ple gate single cavity system, such as the one shown in 
the embodiment of Figures 1-4, sequential gating ena- 
bles the location of weld lines, that is, the location in the 
cavity where the molten material from one gate meets 
the molten material from a different gate, to be moved. 
A weld line can result in a visible imperfection in the part, 



and can be structurally weaker than the rest of the mold- 
ed part. Sequential gating enables weld lines to be ellnrv 
inated. or moved to areas of the part where mechanical 
stresses are relatively low. 

s [0025] To facilitate the flow of the core and skin ma- 
terial from nozzle bores 19 and 21 to the gate 33, the 
nozzle includes tip 58, sleeve 60 and insert 62, best 
shown in Figures 6 and 13-16. Insert 62 includes bores 
64 and 66 for communicating with bores 19 and 21 and 

^0 receiving the core nnatertal and skin material from the 
nozzle 1 7. Bore 64 also accommodates the valve pin 31 
as the core material travels through the center of the 
insert 62 in about the valve pin 31 . Due to the difficulty 
of machining irregulariy shaped bore 64 tWough the in- 

. IS sert 62, the insert includes two pieces 62a and 62b 
which meet at 63. The insert 62 fomns a seal with the 
valve pin 31 at 72 to prevent core material from traveling 
up through the nozzle 17 to the actuator. 
[0026] The skin material travels through bore 66 

20 about an annular grove 68 about the periphery of insert 
62. The annular grove facilitates the unifomn flow of skin 
material as indicated by arrow 70 in Figure 14. The insert 
62 is constnjcted to form a seal with the valve pin 31 
when the valve pin is in the middle or closed position 

2S which prevents core material from leaking out of the in- 
sert 62, and mixing with skin material. As seen in Figure 
14, when shutting off the core outlet in the middle posi- 
tion, the seal formed by the valve pin and the insert 62 
also prevents the skin material from being injected Into 

30 the bore 64 which contains the core material, and thus 
prevents skin and core material from being mixed to- 
gether. The insert 62 can be made of tool steel, such as 
D2. 

[0027] Sleeve 60 is seated on insert 62 at 74. Sleeve 

35 60 and insert 62 are constructed such that there is a 
space 76 formed therebetween about which skin mate- 
rial flows. Sleeve 60 can be made of beryllium copper. 
Tip 58 is threadably mounted on nozzle 17 and acts to 
hold the sleeve 60 and insert 62 In place. The gate 33 

40 is fomied in the tip 58. The tip is machined to form a seat 
78 with the mold, to prevent molded material from en- 
tering air space 29 about the nozzle 17. Tip 58 can be 
made of stainless steel-420. An insulation space 80 is 
formed between the t^ 58 and sleeve 60 to minimize 

4S heat loss from the nozzle to the mold. Seal 82 prevents 
molded material from entering this insulation space 60. 
[0028] In order to move the valve pin 31 to its closed, 
middle and open positbns, a three-position actuator 34 
is provided. The actuator is described with reference to 

so Figures 7-12. The actuator is mounted in top clamp plate 
36 and includes hydraulic lines 86. 88 and 90. Alterna- 
tively, a pneumatic actuator can be used. The actuator 
includes an actuator cylinder 92 which is bolted to the 
top clamp plate 36 via screws 94. The actuator includes 

55 two movable pistons 96 and 98. Piston 96 is slidably 
movable within piston 98. The longitudinal movement of 
piston 96 causes bngitudinal movement of valve pin 31 
which is threadably nK>unted to piston 96 at 100. The 
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longitudinal movement of the piston 96 is limited in one 
direction by the top of the piston 98 and in the opposite 
direction by ring 1 02 which is also mounted within piston 
98. The movement of the piston 98 is limited in one di- 
rection by the actuator cylinder 92 at 104. The longitu- 
dinal displacement of the piston 98 is also limited in the 
opposite direction by actuator cap 106 which is thread- 
ably mounted to actuator cylinder 92. 
[0Q29] The operation of the actuator will now be de* 
scribed with reference to Figures 10-12. Note, Figures 
10-12 represent a schematic cross section to facilitate 
an understanding of the operation of the actuator 34, 
and specifically, the pressurization of the hydraulic tines 
86, 88 and 90. When the valve position is in the closed 
position as illustrated in Figure 13, the actuator piston 
98 and actuator piston 96 are in the down position and 
hydraulic lines 86 and 90 are pressurized to exert down- 
ward pressure indicated by arrows 108 on each piston, 
as seen In Fig. 10. O-rings 110 provide a seal against 
leakage of hydraulic fluid. Figure 11 shows the actuator 
position when the valve pin is in the position shown in 
Figure 14, i.e., the middle position in which core flow is 
shut off and skin flow is permitted. 
[0030] In Figure 11 , the hydraulic line 90 is still pres- 
surized keeping piston 98 in the downward position but 
hydraulic line 86 is unpressurized. Line 68 is pressu- 
rized exerting a force on the piston 96 indicated by ar- 
rows 112. Thus, the piston 96 is displaced to the top of 
the piston 98. Once injectbn of skin material begins, 
pressure at 88 is no tonger needed to maintain 88 biased 
against the top of piston 96, as injection pressure on the 
valve pin 31 biases the piston 96 toward piston 98. 
[0031] When the valve pin is in the third or open po- 
sition permitting core flow as shown in Figure 15, the 
actuator is in the position shown in Figure 12 in which 
hydraulic line 88 is pressurized but 86 and 90 are un- 
pressurized causing piston 98 to be tongitudinally dis- 
placed up to the actuator cap 106 by a pressure exerted 
on the bottom of the piston 98 as indicated by arrows 
114. 

[0032] Figure 11 A shows an alternative embodiment 
of the actuator when the valve pin is In the middle posi- 
tion as shown in Figure 14. As in Figure 11, the valve 
pin is in the same positton, and correspondingly, the pis- 
ton 96 is in the same position. In Figure 11 A, this Is ac- 
complished by pressurizing line 86. Line 90 is depres- 
surized. Referring to Figure 10, when line 90 is depres- 
surized, piston 98 is free to move into its uppermost po- 
sition shown in Figure 11 A, bearing against the actuator 
cap 106. Movement of the piston 98 is caused by pres- 
sure exerted from the line 86 on the outer edge of the 
piston 98 indicated by arrows 11 3. The pressure from 
line 86 also maintains the piston 96 in its lowemnost po- 
sition with respect to piston 98 by virtue of the force 108 
that bears on the top of the pislion 96, and piston 96 
remains biased against ring 102 at the bottom of piston 
98. as it was in Figure 10. Thus, when piston 98 moves 
from its position shown in Figure 1 0 to its position shown 



in Figure 11 A, it carries piston 96 with it. 
[0033] As shown in Figures 1 -4, an actuator 40 is pro- 
vided to stop the flow of skin material through the man- 
ifold channel 15. An actuator is provided for each nozzle 

5 17 to shut off the flow of skin arterial to that particular 
nozzle. The manifold shut-off s are used to control the 
flow of skin material through each nozzle, and can be 
used ak)ng with the valve pin core shut-off to sequen- 
tially fill the part. The manifold shutoffs enable core ma- 

10 terial to be injected out of one nozzle, and skin material 
to be injected out another nozzle, simultaneously, while 
pressure Is maintained on both injection machine bar- 
rels (i.e., skin and core). The manifold shut-offs enable 
greater profilability with respect to nozzle sequencing 

IS and greater control of the location of weld tines. Simul- 
taneous skin injectkxi from one nozzle and core injec- 
tion from a second nozzle is accomplished, for example, 
by shutting off skin material in the manifold associated 
with one nozzle, injecting core material out of that noz- 

20 zle, and injecting skin material out a second nozzle by 
placing the valve pin of the second nozzle in the middle 
position shown in Fig. 14. 

[0034] The actuators 40 used for the manifold shut- 
off are two-position hydraulic actuators. Pneumatic ac- 

25 tuators can also be used. Another function of the skin 
shut-offs located in the manifold is to prevent possible 
back flow of skin material in the hot runner. During core 
injection, if a pressure differential exists between the 
gates, it is possible for core material to flow into the skin 

30 channel instead of the part. If core material enters the 
skin channel, it can cause contamination of the skin ma- 
terial with the core material. As a result, core material 
may appear on the part surface which will render the 
part unusable. The skin shut-off when used with the core 

35 shut-off can be used to completely control the skln-core- 
skin sequence in each nozzle independently while pres- 
sure is maintained on both machine barrels (i.e.. skin 
and core). Alternatively, the manifolds can include like 
manifold shut-offs for the core material, to individually 

40 control the flow of core material to each nozzle. 

[0035] One embodiment of the manifold shut-off used 
with actuator 40 is shown in Figure 1 7. The actuator 40, 
not shown in Figure 17 (see Figures 2-4 and 6), is cou- 
pled to valve pin 42, and longitudinally displaces valve 

^ pin 42 to the open and closed positions, respectively. In 
Figure 17, the valve pin is shown in the ctosed position. 
The end 114 of the valve pin blocks skin flow through 
passage 1 1 6 of plug 1 1 8. A set screw 1 30 holds the plug 
118 In place. 

50 [0036] Figure 18 is an alternative embodiment of the 
present inventkxi which is used to prevent the backflow 
of skin material through the manifoki channel 15. In Fig- 
ure 16 a ball check 120 is provided whk:h is shown in 
Figure 18 in the cbsed position preventing the backflow 

55 of skin material through the channel 1 5. The ball check 
is mounted within a recess bore of housing 122, When 
skin material is flowing to the nozzle in the direction of 
arrow 126. the ball check moves to the position showed 
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by the dash line to permit skin material flow thereabout. 
In the open position, the ball check is held within the 
housing 122 by a pin 128. A set screw 130 hokis the 
assembly in place. 

[0037] An alternative embodiment of the manifold skin 
shut-off of Figure 17 is shown in Figure 19. Figure 19 
shows a valve pin 42 attached to a two-positbn actuator 
40 (not shown). The shut-off is shown in the ctosed po- 
sition in Figure 19. A plug 132 having a channel 134 
bored therethrough for permitting skin material flow has 
a central bore that receives valve pin 42. Valve pin 42 
has an end in which a channel 136 is machined there- 
through. When the valve pin is in the closed position as 
shown, a channel 1 36 does not mate with the bore 1 34 
of the plug 132. However, when the valve pin is longitu- 
dinally displaced to its open position by the actuator 40, 
the channel 136 is aligned with the bore 134 to permit 
the flow of skin material. 

[0038] Another alternative embodiment of the mani- 
fold skin shut-off of Figure 17 is shown in Figure 20, 
whk;h again shows the valve pin 42 attached to a two- 
positbn actuator 40 (not shown). In this embodiment 
plug 1 32 has an irregular shaped channel board there- 
through 138. The end of valve pin 140. which is in the 
closed position, has a curved surface which, when valve 
pin 42 is longitudinally displaced to the open position, 
provides a smooth surface aligned with inner surface 
142 of bore 138 as indicated by dashed line 144. An 
advantage of this configuration is that only a minimal 
side load is exerted on the valve pin 42 by the injected 
skin material, as compared to the embodiments of Fig- 
ures 17 and 19. 

[0039] An alternative embodiment of the coinjection 
nozzle and actuator is shown in Figure 16 in which only 
a two position actuator (not shown) is used to move the 
valve pin 31 in one of two positions. In one position the 
core channel 64 of the insert 62 is shut-off as shown in 
Figure 16, and in the second or open position the valve 
pin 31 is pulled back to open the bore 64 within insert 
62 to permit the flow of core material. (The open position 
of the valve pin is shown in a dashed line). Thus, Figure 
1 6 shows a 'thermal' gate version rather than a valve 
gate version of coinjection. In the thernr^l gate versk>n, 
the coinjectbn cycle ends by having skin material freeze 
off in the gate 33, rather than by having a valve pin close 
the gate. The thermal gate avoids the need for a three 
position actuator, while the valve gate version offers a 
wider processing window with less chance of stringing 
or drooling at the gate. 

[0040] Having thus described certain embodiments of 
the present invention, varbus alteratbns. modificattons, 
and improvements will readily occur to those skilled in 
the art. Such alterations, modifications, and improve- 
ments are intended to be within the spirit and scope of 
the invention. Accordingly, the foregoing description is 
by way of example only, and not Intended to be limiting. 
The inventbn is limited only as defined in the following 
claims and the equivalents thereof. 



Claims 

1. A valve pin actuator for a coinjection molding sys- 
tem in which the valve pin actuator supports a valve 

s pin adapted to control skin plastic flow and core 
plastic flow at a gate to a mold cavity, comprising: 

an actuator body; 

a first member movabty mounted within said ac- 

10 tuator body; 

a second member movably mounted within 
sakj actuator body, said second member adapt- 
ed to support saki valve pin such that move- 
ment of saki second member causes move- 

'5 ment of saki valve pin. wherein saki first and 

second members are each movable to a plural- 
ity of positions to control movement of the valve 
pin to reciprocate to three separate positions, 
including: 

20 

a first position in which the valve pin closes 
the gate and neither skin nor core plastic 
flow is permitted; 

a second position remote from the gate rel- 
2S ative to the first position, in which skin flow 

is permitted and core flow is not permitted 
through the gate; and 
a third position remote from the gate rela- 
tive to the second positton, in which skin 
30 flow and core flow is permitted through the 

gate. 

2. The valve pin actuator of claim 1 , wherein the first 
and second members are first and second pistons, 

3S respectively, and wherein the second piston is s lid- 
ably mounted within said first piston, and said first 
piston is sikiabty mounted within the actuator body. 

3. The valve pin actuator of claim 2. wherein said valve 
40 pin Is attached to only said second piston. 

4. The valve pin actuator of claim 3, wherein said first 
piston has an inner bore for receiving saki second 
piston therein. 

4S 

5. The valve pin actuator of claim 4, wherein each of 

the first and second pistons is in a lowermost posi- 
tion closest to said gate when said valve pin is in 
the first position. 

so 

6. The valve pin actuator of claim 5, wherein each of 
the first and second pistons is in an uppemDost po- 
sitbn farthest away from said gate when saki valve 
pin is in the third positk>n. 

55 

7. The valve pin actuator of claim 6, wherein when said 
valve pin is in the second position said first piston 
is in the bwermost positton and said second piston 
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is in an uppennost position within said first piston. 

8. The valve pin actuator of claim 6, wherein when said 
valve pin is in the second position said first piston 
is In the uppermost position and said second piston 
is in a lowermost position within said first piston. 

9. The valve pin actuator of claim 6. wherein the valve 
pin actuator is a hydraulic actuator including hy- 
draulic lines that control movement of said first and 
second pistons. 

10. The valve pin actuator of claim 1. in combination 
with an injection nozzle through which said valve 
pin reciprocates, said Injection nozzle including an 
insert, said insert include a first bore through which 
core material is adapted to flow. 

11. The combination of claim 10, said Insert further In- 
cluding a second bore through which skin material 
is adapted to flow, and an annular groove about 
which the skin material is adapted to flow. 

12. The combination of claim 11 , wherein said injection 
nozzle further comprises a sleeve disposed about 
said insert, wherein skin material is adapted to flow 
between said insert and sakj sleeve. 

13. The combination of claim 12. wherein said injection 
nozzle further comprises a tip in which sakJ gate is 
formed, the tip being threadably mounted and 
adapted to hold said sleeve and said insert in place. 

14. The combination of claim 1 3, wherein in the first po- 
sition the valve pin forms a seal with the tip, in the 
second position the valve pin forms a seal with the 
insert to prevent core flow, and in the third position 
the valve pin is retracted into the first bore of the 
insert to permit core material to flow out of the insert. 

15. A coinjection molding system for injecting first and 
second plastic materials into a nriold cavity, compris- 
ing: 

a manifoM having first and second channels 
therethrough for distributing said first and sec- 
ond plastic materials; 

at least one nozzle coupled to the manifold for 
injecting said first and second plastic materials 
from said manifold into said mold cavity, said 
nozzle having first and second passages for re- 
ceiving said first and second plastic materials 
from said first and second channels of sakl 
manifold, respectively; and 
a shut-off in the first channel of said manifold 
for preventing a flow of said first material in saki 
first channel. 



1 6. The coinjection mokiing system of claim 1 5, where- 
in said shut-off includes a valve pin for preventing 
the flow of said first material, and an actuator cou- 
pled to said valve pin and adapted to move said 

s valve pin into an open position In which the flow of 
saki first material is permitted and a closed position 
in which the flow of said first material is prevented. 

17. The coinjection molding system of claim 16, further 
10 comprising a clamp plate and a mold, wherein the 

manifold is mounted between the clamp plate and 
the mold, and the actuator is mounted in the clamp 
plate. 

IS 18. The coinjection molding system of claim 1 5, where- 
in said at least one nozzle includes a plurality of noz- 
zles, and each of said plurality of nozzles includes 
a shut-ofl associated therewith for preventing a flow 
of said first nnaterial in said first channel to each of 

20 said plurality of nozzles. 

19. The coinjection molding system of claim 15, where- 
in the first material is skin material and the second 
material Is core material. 

2S 

20. The coinjection moWing system of claim 1 5, further 
comprising a valve pin disposed in said at least one 
nozzle and adapted to reciprocate in said at least 
one nozzle toward and away from a gate of said 

30 rnold cavity. 

21. The coinjection system of claim 20, wherein said 
valve pin is adapted to reciprocate to three separate 
positions, including: 

35 

a first position in which the valve pin closes the 
gate and neither first nor second plastic arte- 
rial flow is permitted into sakI mold cavity; 
a second position remote from the gate relative 

40 to the first position, in which first plastic material 

flow Is permitted and second plastic material 
flow is not permitted through the gate; and 
a third position remote from the gate relative to 
the second positton, in which flrst and second 

45 plastic material flow is penmitted through the 

gate. 

22. The coinjection system of claim 21 , further compris- 
ing a valve pin actuator adapted to control move- 

so ment of said valve pin through said nozzle, the valve 
pin actuator including 

an actuator body; 

a first member movably mounted within said ac- 
ss tuator body; 

a second member movably mounted within 
saki actuator body, said second member adapt- 
ed to support saki valve pin such that nriove- 
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ment of said second member causes move- 
ment of said valve pin, wherein said first and 
second members are each movable to a plural- 
ity of positions to control movement of the valve 
pin to reciprocate to said three separate posh s 
tions. 

23. The coinjection system of claim 22, wherein the first 
and second members are first and second pistons, 
respectively, and wherein the second piston is slid- io 
ably mounted within said first piston, and said first 
piston is slidably mounted within the actuator body. 

24. The coinjection system of claim 22. further compris- 
ing a clamp plate and a mold, wherein the manifold is 
is mounted between the clamp plate and the mold, 
and the valve pin actuator is mounted in the clamp 
plate. 

25. The coinjection system of claim 24, wherein said 20 
shut-off includes a valve pin for preventing the flow 

of said first material, and an actuator mounted In the 
clarr^ plate and coupled to said valve pin and 
adapted to move said valve pin into an open posi- 
tion in which the flow of said first material is penmit- 25 
ted and a closed position in which the flow of said 
first material is prevented. 

26. The coinjection system of claim 15, wherein the 
shut-off permits flow to the at least one injection 30 
nozzle, but prevents flow from the at least one in- 
jection nozzle. 

27. The coinjection system of claim 26, wherein the 
shut-off is a ball check. 3S 
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